This review describes the synthesis and reactions of cyanoacetic acid hydrazide as building block for the synthesis of polyfunctionalized heterocyclic compounds with pharmacological interest.
Introduction
Cyanoacetic acid hydrazide is a versatile and convenient intermediate for the synthesis of wide variety of heterocyclic compounds. The β-functional nitrile [1] [2] [3] [4] moiety of the molecule is a favorable unit for addition followed by cyclization or via cycloaddition with numerous reagents providing heterocyclic compounds of different ring sizes with one or several heteroatoms that are interesting as pharmaceuticals, 5, 6 as herbicides, 7 as antibacterial agents, 8 and as dyes. 9, 10 Their reactions with dinucleophiles usually result in the formation of polycyclic ring systems which may be the skeleton of important heterocylic compounds. In previous publications, novel synthesis of azoles, 11, 12 azines, 13 and azoloazines, 14 had been reported utilizing β-functional nitriles as starting components. Among the β-functional nitriles, cyanoacetic acid hydrazide and their analogues are especially important starting materials or intermediates for the synthesis of various nitrogen-containing heterocyclic compounds. Our research deals with the effective use of cyanoacetic acid hydrazide in the synthesis of a variety of polyfunctional heterocyclic compounds with biological interest.
Synthesis of Cyanoacetic Acid Hydrazide
Cyanoacetic acid hydrazide was obtained by careful addition of hydrazine hydrate to ethyl cyanoacetate in ethanol with stirring at 0°C.
(3) (4)
Reactions of Cyanoacetic Acid Hydrazide
The reactions of cyanoacetic acid hydrazide with numerous reagents are classified separately in one category due to the huge number of references. We have arranged this huge volume of data in terms of the type of the heterocycles formed, starting with five and six membered rings in order of increasing number of heteroatoms. Such systematic treatment provides a clear idea about the synthetic possibilities of the method and may be useful in selecting the direction of further research. 
Scheme 3
The reaction of 2 with alkylisocyanate yields alkylcarbamoyl derivative 6 that cyclized into pyrazole derivative 7 up on treatment with 2N sodium hydroxide. 
Scheme 4
Refluxing of 2 with phenyl isothiocyanate in basic dioxane solution afforded pyrazolinone derivative 8. Treatment of 8 with malononitrile in DMF in the presence of piperidine gave [(3-amino-5-imino-4,5-dihydro-1H-pyrazol-1-yl)(anilino)methylene]malononitrile 9, which underwent cyclocondensation with hydrazine hydrate to give pyrazolo[1,5-a]pyrimidine derivative 10. 
Scheme 5
5-Amino-3-hydroxypyrazole derivatives 12 were prepared from the reaction of 2 with ketones in the presence of a basic catalyst via the cyclization of hydrazone derivatives 11. 
Scheme 8
Cyanoaceto-N-arylsulfonylhydrazide 15 on refluxing in ethanol containing a catalytic amount of piperidine, 21 or in presence of potassium hydroxide, 22 undergo intramolecular cyclization to give the 5-amino-1-arylsulfonyl-4-pyrazolin-3-one or the tautomeric 5-amino-1-arylsulfonyl-3-hydroxypyrazole structure 17. 
Scheme 9
The reaction of 2 with isatin in ethanol containing a catalytic amount of triethylamine at room temperature furnished the isolated intermediate (2E)-2-cyano-2-(2-oxo-1,2-dihydro-3H-indol-3-ylidene)acetohydrazide 18 which cyclized under heating to give (2E)-3-(3-amino-5-oxo-1,5-dihydro-4H-pyrazol-4-ylidene)-1,3-dihydro-2H-indol-2-one 19. 
Scheme 10
Condensation of hydrazone derivative 11d with aromatic aldehyde in ethanolic triethyl amine gave the unexpected 3-aryl-4,5,6,7-tetrahydro-1H-indazole 21. 
Scheme 11
Treatment of 2 with phenyl 7-fluoro-4-chromone-3-sulfonate in presence of sodium acetate and glacial acetic acid at 100°C afforded a mixture of 7-fluoro-2H- [1, 2] 
Scheme 14
Compound 2 reacts with hydrazone derivatives in refluxing dioxane containing a catalytic amount of triethylamine to yield pyrazoloazine derivatives 30. 
Scheme 16
Condensation of 2 with 3, 
Scheme 18
By treating compound 2 with tert-butoxycarbonylhydrazone esters in an oil bath at 115°C, 1,2,4-triazole derivative 42 was obtained.
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Scheme 19
The reaction of 1-cyanoacetyl-4-phenylthiosemicarbazide 37 with ethyl iodide in DMF and in the presence of anhydrous potassium carbonate at room temperature gave 3-ethylsulfanyl-5-cyanomethyl-4-phenyl-1,2,4-triazole 43. 
Scheme 20
The reaction of 2 with different hydrazones delivered 1,2,4-triazole derivatives 44. 
Scheme 27
Cyclocondensation of 2 with benzoylacetone and/or benzoyl trifluoroacetone in refluxing ethanol containing a catalytic amount of diethyl amine yielded regioselectively 1-amino-4-alkyl-2-oxo-6-phenyl-1,2-dihydropyridine-3-carbonitrile 53.
Scheme 28
Refluxing of 2 with benzylidenemalononitrile in ethanol in presence of piperidine gave pyridone derivative 54. EtOH/piperidine
Scheme 29
On heating 2 and arylidene of ethyl cyanoacetate in ethanol containing triethyl amine under reflux afforded diaminopyridine derivative 58 rather than aminopyridine derivative 56. 
55-58
Scheme 30
The one-pot reaction of 2 with aldehyde and an activated nitrile in ethanol containing a catalytic amount of piperidine yielded pyridine-2-one derivative 60. 24h,
Scheme 34
Treatment of 2 with arylidene cyanothioacetamide in ethanol containing catalytic amount of piperidine yielded pyridine-thione derivatives 69. 
Scheme 35
Reaction of cyanoaceto-N-arylsulfonylhydrazide 15a with 2-((thiophen-2-yl)methylene) malononitrile in ethanol containing a catalytic amount of piperidine furnished pyridin-2-one derivative 70. 
Scheme 36
Refluxing of cyanoaceto-N-arylsulfonylhydrazide 15 with arylidenecyanoacetate in presence of pyridine 51 
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Scheme 37
Substituted N-benzoylaminopyridone 76 was prepared by cyclocondensation of Nbenzoylcyanoacetohydrazide 6c with ethyl acetoacetate in presence of sodium methoxide. 
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Scheme 39
On heating 2 with phenylhydrazono-3-oxobutyronitrile in refluxing ethanol containing a catalytic amount of triethyl amine yielded pyridine-2,6-dione derivative 79. 
Scheme 41
The reaction of N-cyanoacetylhydrazone of epiandrosterone 81 with malononitrile in ethanol in the presence of a catalytic amount of piperidine afforded pyridine-2-one derivative 82. 
Scheme 44
Condensation of cyanoacetic acid hydrazones 85 with 1-aminoanthraquinone under Vilsmeier reaction conditions afforded 3-azabenzanthrone derivatives 86. 
Scheme 50
The reaction of 2 with 3-acetylcoumarin in ethanol containing a catalytic amount of piperidine under reflux afforded 5-methyl-2,11c-dihydrochromeno [4,3-d] pyrazolo [3,4-b] pyridine-1,6-dione 95. 
Scheme 63
Thiopyran
The reaction of 2 with benzalcyanothioacetamide in ethanol containing a catalytic amount of triethyl amine gave thiopyran derivative 113. 
Scheme 65
Refluxing of 2 with aceanthraquinone in acetic acid gave 116 that transformed into aceanthryleno[1,2-c]pyridazine derivative 117 when treated with potassium hydroxide. 
Conclusions
The data considered in this review clearly demonstrate the high synthetic potential of cyanoacetic acid hydrazide. Many biologically active heterocyclic compounds have been
